Effects of antibiotic (bacitracin), anticoccidial (narasin), and alternative (Bacillus subtilis and zinc) feed additives on growth performance, internal organ development, and intestinal morphology of commercial broilers with or without subclinical coccidia challenge were determined. A total of 1,344 1-day-old male Ross × Ross 708 broilers were randomly distributed into 12 treatments (6 diets × 2 challenge treatments, 8 replication pens/treatment) in 96 floor pens. The 6 dietary treatments were as follows: a control diet (corn and soybean-meal basal diet), a probiotic diet (basal diet + Bacillus subtilis), a zinc diet (basal diet + 100 ppm zinc), a probiotic and zinc combined diet, an anticoccidial diet (basal diet + narasin), and a practical diet (basal diet + narasin + bacitracin). On day 21, each chick in the challenge treatment was gavaged with a 10× dose of a commercial vaccine containing live Eimeria oocytes, whereas each chick in the non-challenge treatment was gavaged with equivalent distilled water. The subclinical coccidia challenge increased the relative weights of pancreas and decreased the ileal crypt depth of broilers at 26 d of age, increased feed conversion ratios from day 15 to 28 and 29 to 40, and increased the relative weights of duodenum and bursa on day 54. As compared to other diets, anticoccidial and practical diets increased BW gain and decreased feed conversion ratio from day 15 to 28, and increased the day 40 carcass weights. As compared to control diets, probiotic diets decreased BW gain and increased the mortality from day 15 to 28; however, probiotic diets did not affect the overall growth performance from day 0 to 54 or carcass yield on day 54. Growth measurements during periods of day 29 to 40 and day 41 to 54 were not affected by any feed additive. From this study, a subclinical coccidia challenge enlarged specific internal organs and compromised the feed conversion ability of broilers. Dietary Bacillus subtilis did not affect overall growth rate or carcass yield of broilers under subclinical coccidia challenge.
INTRODUCTION
Coccidiosis caused by the protozoan Eimeria is considered as one of the most economically important diseases in poultry production. Eimeria parasites proliferate in the gastrointestinal (GI) tract and cause damage to enterocytes of the host chicken, which facilitate the growth of pathogenic Clostridium perfringens and may result in necrotic enteritis (McDougald and Fitz-Coy, 2008) . Previous study indicates that subclinical coccidiosis results in 70% of the total coccidiosis loss experienced by the poultry industry, which is due to detrimental impacts on BW gain and feed conversion of birds (Sorensen et al., 2006) . In the "antibioticsfree" (ABF) program of broiler production, antibiotic and ionophore-anticoccidial additives are not included in feed. Enhancing intestinal health and integrity by including alternative feed additives is a potentially effective way for the prevention of coccidiosis in ABF broiler production.
Spores of Bacillus are utilized as feed probiotics in poultry production. Their heat-resistant spores can survive through feed processing and recover to active and functional vegetative cells in the chicken GI tract (Latorre et al., 2014) . Previous studies have shown that including B. subtilis in feed improved growth rate and feed conversion ability of broilers (Sen et al., 2012; Jeong and Kim, 2014; Wang et al., 2016) . The mechanism behind the growth promotion of B. subtilis is considered to be related to its production of antimicrobial peptides, which may optimize microbial composition in the GI tract (Wiyada, 2012) . In vivo studies of chicken have shown that the dietary inclusion of B. subtilis promotes the growth of beneficial bacteria, such as Lactobacillus (strain PHL-NP122, Latorre et al., 2014 ; a mixture of strains 2084, LSSAO1, and 15A-P4, Wang et al., 2016) , and inhibits the growth of pathogenic 3947 bacteria, such as Salmonella Enteritidis and C. perfringens (strain PB6, Jayaraman et al., 2013; strain B2A, Park and Kim, 2014) . Bacillus subtilis-based probiotics also promote the growth of the GI tract by lengthening intestine villi (Sen et al., 2012; Jayaraman et al., 2013) , increasing proventriculus size, and extending ileum length in birds (Wang et al., 2018) .
In addition to balancing microbiota, maintaining intestinal integrity from coccidia invasion is another possible route to prevent coccidiosis. Dietary zinc supplementation enhances the intestinal epithelial barrier function by upregulating the signaling pathway of tight junction expression (Shao et al., 2017a,b) . By the same mechanism, zinc supplementation restored intestinal barrier function damaged by Salmonella enterica Typhimurium (Zhang et al., 2012) . It is also reported that the zinc supplementation may alleviate heat stress of broilers by building up the innate immunity of the intestine (Chand et al., 2014) . In that study, zinc supplementation enhanced the cell proliferation of lymphocytes and monocytes (Chand et al., 2014) of heat challenged broilers. Besides meeting the need for growth, zinc is also included in broiler diets as an adjuvant to feed additives, such as zinc bacitracin. However, limited research is available where extra zinc has been supplemented with a probiotic like B. subtilis in broiler diets.
We hypothesized that the combined use of B. subtilis and zinc in the feed would help broilers to defend against the subclinical coccidia challenge by enhancing the intestinal integrity and intestinal tract development of broilers, and subsequently improve their growth performance. Therefore, the objective of this study was to determine the main and interaction effects of dietary additive and subclinical coccidia challenge on the growth performance, internal organs development, and intestinal morphology of male broilers.
MATERIALS AND METHODS

Bird Management and Treatment
All chicken handlings and husbandries have been approved by the Institutional Animal Care and Use Committee of Mississippi State University. A total of 1344 Ross × Ross 708 male broilers (Aviagen, Huntsville, AL) were vaccinated with Newcastle, bronchitis, and coccidiosis, and feather sexed on the day of hatch. Coccidiosis vaccine containing live Eimeria oocysts (E. acervulina, E. maxima, and E. tenella, ADVENT, Viridus Animal Health, St. Charles, MO) was given to chicks by the spray cabinet. Male broilers were randomly distributed to 96 floor pens in an environmentally controlled house (14 chicks/pen). Each floor pen was equipped with 1 hanging feeder, 3 nipple drinkers, and fresh wood shavings as litter. A rubber divider was installed between floor pens to avoid the crosscontamination. A 23L:1D photoperiod from day 1 to 7 and a 20L:4D photoperiod from day 8 to 56 were provided to chicks. A commercial temperature program was followed (Aviagen). Four feeding phases were provided to chicks as follows: day 0 to 14 (starter), 15 to 28 (grower), 29 to 40 (finisher I), and 41 to 54 (finisher II). The 96 floor pens were divided into 8 blocks based on their locations in the chicken house (12 pens/block). Twelve treatment groups (6 diets × 2 challenge statuses) were randomly distributed into the 12 pens in each block.
Near infrared spectroscopy analysis of corn, soybean meal, and meat and bone meal were processed using a FOSS NIR system (model: XDS-XM-1100 series, Foss, Sweden). Digestible AA and AME contents of corn, soybean meal, and meat and bone meal were generated from a commercial database (Precise Nutrition Evaluation, Adisseo, Alpharetta, GA). Basal diets were formulated to meet or exceed the recommendation of male broilers exhibiting standard performance (Rostagno et al., 2011; Table 1 ). There were 6 treatment diets including a control diet (corn and soybean-meal basal diet), a probiotic diet (control diet supplemented with 1.1 × 10 5 CFU of B. subtilis PB6/g of finished feed, as commercially recommended), a zinc diet (control diet supplemented with 100 ppm extra zinc, in the form of zinc sulfate), a probiotic and zinc combined diet (ProZinc, control diet supplemented with both of the probiotic and zinc products as described above), an anticoccidial diet (control diet supplemented with 54 g of narasin/ton of finished feed), and a practical diet including both anticoccidial and antibiotic additives (control diet supplemented with 54 g of narasin and 50 g of bacitracin/ton of finished feed). Anticoccidial additive (narasin) was not included in the starter feed from day 0 to 14 to ensure the efficacy of coccidial vaccination. Therefore, there were 5 dietary treatments from day 0 to 14. Growth performance from day 0 to 14 was provided separately in Table 2 . All experimental feed additives replaced the equivalent amount of sand in the basal diet as described above. Bacillus counts in the feed were confirmed by a commercial lab by blind bacterial plating.
In a previous study, a 20× dose of coccidial vaccine was given to chicks on day 14, causing clinical coccidiosis in chicks. Typical lesions and intestinal hemorrhages were observed in that study (Wang et al., 2018) . To mimic the subclinical coccidia challenge in broiler production, a 10× dose of a different commercial vaccine containing live Eimeria oocysts (Coccivac-B52, Intervet Inc. Omaha, NE) was given to the chicks by oral gavage on day 21. Half of the chicks received live Eimeria oocysts (E. acervulina, E. maxima, E. maxima MFP, E. mivati, and E. tenella) diluted in 1 mL of distilled water. The other half of chicks received 1 mL of pure distilled water.
Growth Performance and Carcass Production
Feed intake (FI) and BW gain (BWG) were recorded on a pen basis from day 0 to 14, 15 to 28, 29 to 40, and 1 The AME and digestible AA profiles of corn, soybean meal, and meat and bone meal were analyzed by near-infrared spectroscopy.
2 Premix provided the following ingredients per kilogram of finished feed: 2.654 μg retinyl acetate, 110 μg cholecalciferol, 9.9 mg DL-α-tocopherol acetate, 0.9 mg menadione, 0.01 mg vitamin B12, 0.6 μg folic acid, 379 mg choline, 8.8 mg D-pantothenic acid, 5.0 mg riboflavin, 33 mg niacin, 1.0 mg thiamine, 0.1 mg D-biotin, 0.9 mg pyridoxine, 28 mg ethoxyquin, 55 mg manganese, 50 mg zinc, 28 mg iron, 4 mg copper, 0.5 mg iodine, and 0.1 mg selenium. 3 The phytase product contained 10,000 FTY/g phytase. One unit (FYT) of the phytase can liberate 1 mM of inorganic phosphate per min from sodium phytate at pH 5.5 and 37
• C. 4 Experimental feed additives [probiotic product (1.1 × 10 5 CFU of B. subtilis PB6/g of finished feed), zinc sulfate (100 ppm extra zinc in the finished feed), anticoccidial (54 g of narasin/ton of finished feed), or antimicrobials (54 g of narasin and 50 g bacitracin/ton of finished feed)] replaced the equivalent amount of sand in diet.
5 Nutrient contents were calculated on a dry matter basis. 1 Experiment diets included a corn and soybean-meal control diet, a probiotic diet (control diet supplemented with 1.1 × 10 5 CFU of B. subtilis PB6/g of finished feed), a zinc diet (control diet supplemented with 100 ppm extra zinc), a ProZinc combined diet (control diet supplemented with both of the probiotic and zinc products as above), and an antibiotic diet (control diet supplemented with 50 g of bacitracin/ton of finished feed).
41 to 54. Daily mortality and dead bird weight were recorded to calculate the corrected feed conversion ratio (FCR) within each feeding phase. Three broilers per pen on day 40 and 5 broilers per pen on day 54 were randomly selected for carcass processing. Broilers were withdrawn from feed for 16 h before processing. Birds were automatically processed, chilled, and manually deboned. Weights of the live body (BW), carcass, wing, drumsticks, thigh, boneless and skinless breast, and tender were recorded.
Sampling and Histological Examination
On day 26, 40, and 54, 1 bird per pen was randomly selected for samplings of internal organs. Birds were euthanized by CO 2 asphyxiation, weighed, and dissected individually. Pancreas, spleen, bursa, duodenum, jejunum, and ileum were collected and weighed. Gut lesions were checked following the method by Johnson and Reid (1970) . The relative weight of each organ was calculated as the percentage of BW. Lengths of duodenum, jejunum, and ileum were recorded. On day 40 and 54, ileal contents were collected and homogenized to obtain a pH measurement (Accumet AP110, Thermo Fisher Scientific, Waltham, MA). A 1.5 cm intestine section from the midpoint of duodenum, jejunum, and ileum was also collected on day 26 for histological analysis. Villus length, width, crypt depth, muscle thickness, and goblet cell size of each section were measured as described by Wang et al. (2015) , and villus length to crypt depth ratio was calculated.
Experimental Design and Data Analysis
A randomized completed block design with a 6 (diets) × 2 (challenge treatments) factorial arrangement was applied in this study. However, the coccidia challenge was not conducted until day 21. One-way ANOVA analysis was applied to study the effects of the dietary additive on growth performance of broiler chicks before the coccidia challenge. Two-way ANOVA analysis was applied to study the interaction and main effects of dietary additive and subclinical coccidia challenge on growth performance from day 14 to 54, internal organ development, and intestinal morphology of commercial broilers. Main effects were studied only if there was no significant interaction. The 96 floor pens in the chicken house were divided into 8 blocks based on their location in the experimental facility (8 replications). The environmental difference was considered as the block factor. An unrestricted-mixed model in PROC MIXED procedure with interaction and main effects of dietary additive and subclinical coccidia challenge as fixed effects and the block as a random effect. If there was a significant difference among treatments, Fisher's least significant difference test was conducted to separate the means. Significant level was set at α = 0.05.
RESULTS
Growth Performance and Carcass Production
Narasin (anticoccidial) was not included in the starter feed in the first 2 wk to ensure the efficacy of coccidia vaccination. Additionally, birds were not challenged until day 21. Therefore, there were only 5 dietary treatments from day 0 to 14 (Table 2) : control, probiotic, zinc, ProZinc, and antibiotic diets. Probiotic diets decreased FI of broilers from day 0 to 14 as compared to control, ProZinc, and antibiotic diets (P = 0.011). However, the feed additive did not affect the BWG, FCR, or mortality of broilers during day 0 to 14.
In this study, the subclinical coccidia challenge did not cause clinical lesions. No clinical lesions in the GI tract were observed on day 26, 40, and 54 (data not shown). However, the subclinical coccidia challenge increased FCR from day 15 to 28 (P = 0.003, Table 3 ), day 29 to 40 (P = 0.031), and the overall mortality from day 0 to 54. Broilers fed anticoccidial and practical diets exhibited higher FI (P < 0.001), higher BWG (P < 0.001), and lower FCR (P < 0.001) from day 15 to 28 in comparison to those fed other diets. Broilers fed probiotic diets exhibited lower FI and BWG from day 15 to 28 than those fed control, anticoccidial, and practical diets (P < 0.001). Diets supplemented with zinc or probiotics increased the mortality from day 15 to 28 in comparison to diets supplemented with anticoccidial and antibiotics or without supplements (P = 0.038). However, the combined use of zinc and probiotics in diets helped birds to reach similar mortality, FI, and BW gain to those in birds fed control diets. Dietary additives did not affect the growth performance during the later period from day 29 to 40, day 41 to 54, or the overall growth period from day 0 to 54 except for the overall mortality. As compared to the zinc diets, anticoccidial and practical diets decreased the overall mortality (P = 0.009).
There were no interaction effects of dietary additive and challenge on the weights of carcasses and parts of broiler chickens at 40 d of age (Table 4) . Anticoccidial and practical diets helped birds to reach higher BW (P < 0.001) and higher weights of the carcass (P = 0.007) and drumsticks (P < 0.001) in comparison to other diets. These 2 diets also increased wing weights as compared to probiotic and ProZinc diets (P = 0.004), and the same 2 diets increased breast weights as compared to control, probiotics, and ProZinc diets (P < 0.001). The control, anticoccidial, and practical diets increased tender weights as compared to ProZinc diets (P = 0.017). Broilers fed practical diets exhibited higher thigh weights than those fed control, probiotics, zinc, and ProZinc diets, and broilers fed anticoccidial diets exhibited higher thigh weights than those fed control, probiotics, and ProZinc diets (P < 0.001). On day 54, no interaction or major effects of dietary additive was found on the weights of carcass or any carcass parts of broilers (Table 5 ). The subclinical coccidia challenge depressed drumstick weights of broilers (P = 0.046).
Internal Organs
On day 26, there was an interaction between dietary additive and challenge on the duodenum length (P = 0.042, Figure 1 ). For non-challenged broilers, anticoccidial diets decreased the duodenum length of broilers as compared to probiotic, zinc, ProZinc, and practical diets; for challenged broilers, control diets increased the duodenum length as compared to the zinc, ProZinc, anticoccidial, and practical diets. As compared to those birds fed control and practical diets, birds fed 1 Growth performance included FI (feed intake in kg), BWG (BW gain in kg), FCR (feed conversion ratio), and Mort (mortality in %).
2 Experiment diets included a corn and soybean-meal control diet, a probiotic diet (control diet supplemented with 1.1 × 10 5 CFU of B. subtilis PB6/g of finished feed), a zinc diet (control diet supplemented with 100 ppm extra zinc), a ProZinc combined diet (control diet supplemented with both probiotics and zinc as above), an antibiotic diet (control diet supplemented with 50 g of bacitracin/ton of finished feed), and a practical diet (control diet supplemented with 50 g of bacitracin and 54 g narasin/ton of finished feed).
3 Means of non-significant interaction are not listed. 1 Experiment diets included a corn and soybean-meal control diet, a probiotic diet (control diet supplemented with 1.1 × 10 5 CFU of B. subtilis PB6/g of finished feed), a zinc diet (control diet supplemented with 100 ppm extra zinc), a ProZinc combined diet (control diet supplemented with both of the probiotic and zinc products as above), an anticoccidial diet (control diet supplemented with 54 g of narasin/ton of finished feed), and a practical diet (control diet supplemented with 50 g of bacitracin and 54 g narasin/ton of finished feed).
2 Means of non-significant interaction are not listed.
probiotic, zinc, ProZinc, and anticoccidial diets exhibited a lower relative jejunum weight (P < 0.001, Table 6 ). Anticoccidial and practical diets lowered the relative ileum weight as compared to the control and ProZinc diets (P = 0.022). The subclinical coccidia challenge increased relative pancreas weight (P = 0.020) of broiler chickens. On day 40, interactions between dietary additives and subclinical coccidia challenge were observed on relative weights of the spleen (P = 0.007, Figure 2 ) and ileum (P = 0.041). For non-challenged broilers, those fed practical diets exhibited the lowest relative spleen weight as well as the lowest relative ileum weight; for challenged broilers, those fed zinc diets exhibited the lowest relative spleen weight but the highest relative ileum weight. Anticoccidial and practical diets decreased relative weights of the pancreas (P = 0.002), duodenum (P = 0.002), and jejunum (P < 0.001) as compared to the control, probiotic, and ProZinc diets (Table 7) . Broilers fed anticoccidial diets exhibited a shorter jejunum than those fed control, probiotic, ProZinc, and practical diets, and broilers fed zinc diets exhibited a shorter jejunum than those fed control, probiotics, and ProZinc diets (P = 0.007).
On day 54, no interaction or major effects of dietary additive was found on any measurement of inner organs of broilers (data not shown). The challenge increased the relative weights of bursa (P = 0.034, 0.111% vs. 0.127%) and duodenum (P = 0.003, 0.474% vs. 0.522%) of broiler chickens. 1 Experiment diets included a corn and soybean-meal control diet, a probiotic diet (control diet supplemented with 1.1 × 10 5 CFU of B. subtilis PB6/g of finished feed), a zinc diet (control diet supplemented with 100 ppm extra zinc), a ProZinc combined diet (control diet supplemented with both of the probiotic and zinc products as above), an anticoccidial diet (control diet supplemented with 54 g of narasin/ton of finished feed), and a practical diet (control diet supplemented with 50 g of bacitracin and 54 g narasin/ton of finished feed).
2 Means of non-significant interaction are not listed. 
Intestinal Morphology
The interaction between dietary additive and subclinical coccidiosis was observed on the size of duodenum goblet cell on day 26 (P = 0.019, Figure 3 ). For nonchallenged broilers, probiotic diets decreased goblet cell size in the duodenum as compared to ProZinc diets; for challenged broilers, anticoccidial diets increased goblet cell size in the duodenum as compared to control, ProZinc, and practical diets. In addition, broilers fed anticoccidial diets exhibited the highest villus length (P = 0.030, Table 8 ) and the highest villus to crypt ratio in the jejunum (P = 0.026). Broilers fed ProZinc diets exhibited the lowest villus length in the jejunum (P = 0.030) and the highest villus width in the ileum (P = 0.011, Table 9 ). The subclinical coccidia challenge increased crypt depth (P = 0.032) and subsequently lowered villus to crypt ratio (P = 0.042) in the ileum.
DISCUSSION
In the current study, a lower dose (10×) of a coccidial vaccine was given to chicks at an older age (day 21), causing subclinical coccidiosis in chicks. No clinical signs or gut lesions were observed, but poor feed efficiency and a higher mortality were reported in the coccidia-challenged broilers. It is consistent with early studies where the Eimeria parasites have impaired feed conversion and nutrient utilization of broilers that have been diagnosed with subclinical coccidiosis (Voeten et al., 1988; Fitz-Coy and Edgar, 1992; Williams, 1998) . When Eimeria oocytes enter the GI tract, optimal temperature and humidity allow them to sporulate into infective cells and invade the enterocytes of the host chicken (Reid, 1978) . Eimeria sporozoites may cause dysfunction of nutrient absorption in infected enterocytes. Recent research clarifies that E. acervulina, E. maxima, and E. tenella infections downregulate the expression of sugar transporters and amino acid transporters in the cell membrane of enterocytes of broiler chickens (Miska and Fetterer, 2017) . Additionally, Eimeria cells compete for the energy and nutrients from the host chicken to proliferate in the GI tract. Thus, the Eimeria challenge would have impaired the nutrient utilization in broiler chickens, as shown by the poor feed efficiency in the current study, even though there was no visible lesion in the gastrointestinal tract of challenged birds. However, the Eimeria challenge resulted in higher mortality. No further tests were conducted to confirm pathogens which caused the deaths.
Eimeria parasites have developed specificity to host animals as well as the infection site in the GI tract (Joyner and Long 1974 ). In the current study, a mixture of E. acervulina and E. mivati (infecting duodenum), E. maxima (infecting jejunum and ileum), and E. tenella (infecting cecum) was administrated to chicks to mimic 1 Experiment diets included a corn and soybean-meal control diet, a probiotic diet (control diet supplemented with 1.1 × 10 5 CFU of B. subtilis PB6/g of finished feed), a zinc diet (control diet supplemented with 100 ppm extra zinc), a ProZinc combined diet (control diet supplemented with both of the probiotic and zinc products as above), an anticoccidia diet (control diet supplemented with 54 g of narasin/ton of finished feed), and a practical diet (control diet supplemented with 50 g of bacitracin and 54 g narasin/ton of finished feed).
2 Means of interaction on duodenum length is presented in Figure 1 . a subclinical infection in the broiler production. Deeper crypts were observed in the ileum of broilers subjected to subclinical coccidia challenge, which resulted in a lower villus height to crypt depth ratio. The intestinal crypt consists of stem cells, which can immigrate to the top of the villus and differentiate into functional epithelial cells. The deeper crypt may indicate a fast tissue proliferation to make up for the villus loss due to the coccidial invasion. It agrees with previously proposed function of deeper crypts that proliferate cells "to permit renewal of the villus as needed in response to inflammation from pathogens or their toxins and high demands for tissue" (Yason et al., 1987; Awad et al., 2009) . In addition, a higher relative weight of the pancreas on day 6 post-challenge (day 26) and a higher relative weight of the duodenum and bursa on day 24 post-challenge (day 54) were observed in the challenged broilers. Pancreas and duodenum are 2 major organs to produce and release digestive enzymes into the broiler gastrointestinal tract. The enlarged internal organs might be an indication of inflammation due to coccidial invasion. However, no further inflammatory test or histology was conducted in the current study.
As expected, the inclusion of narasin in the broiler feed improved the growth performance. Both anticoccidial and practical diets contained narasin, increased feed consumption, weight gain, and feed conversion in broilers from day 15 to 28 and carcass production on day 40. Narasin is a common ionophoric anticoccidial. Narasin has a wide anticoccidial effect against most pathogenic coccidia in chickens (Jeffers et al., 1988a, b) , as well as an antibiotic effect against C. perfringens (Elwinger et al., 1998) . By limiting the growth of pathogens, narasin may spare more energy and nutrients for the growth of host broilers, as shown in the improved growth performance of broiler chickens. In Table 7 . Effects of dietary additive and subclinical coccidia challenge on the internal organs of male broilers at 40 d of age. a-e, x,y Means in a column not sharing a common superscript are different (P ≤ 0.05). 1 Experiment diets included a corn and soybean-meal control diet, a probiotic diet (control diet supplemented with 1.1 × 10 5 CFU of B. subtilis PB6/g of finished feed), a zinc diet (control diet supplemented with 100 ppm extra zinc), a ProZinc combined diet (control diet supplemented with both of the probiotic and zinc products as above), an anticoccidial diet (control diet supplemented with 54 g of narasin/ton of finished feed), and a practical diet (control diet supplemented with 50 g of bacitracin and 54 g narasin/ton of finished feed).
2 Means of interaction on the spleen/BW and ileum/BW are presented in Figure 2 . the current study, the diets supplemented with narasin reduced the size of duodenum, jejunum, and ileum of broilers on the sixth day post-challenge (day 26) as shown as shorter length and lower relative weights, and this reduction of intestinal size extended to the 19th day post-challenge (day 40). In a previous study, dietary antibiotic supplementation also shortened the GI tract of broilers (Wang et al., 2018) . By reducing the size of GI tract, antibiotics or anticoccidials may save energy from the maintenance of the GI tract and provide more energy toward the muscle deposition of broiler chickens. Although feed administration of narasin reduced the GI size, it increased the goblet cell size in the duodenum of broilers under the subclinical coccidiosis challenge. Goblet cells produce mucin glycoproteins that protect the mucus layer from pathogens invasion and lubricate the digesta during the digestion (Forstner et al., 1995) . Larger goblet cells may be associated with stronger mucin-producing ability of the broiler intestine, which may contribute to the nutrient digestion and absorption. In the current study, the additional inclusion of bacitracin (antibiotic) to anticoccidial diets (practical diet) did not further improve the growth performance of broilers. It suggests antibiotic growth promoters may not be necessary when the diet is supplemented with an anticoccidial with antibacterial effects (Elwinger et al., 1998) . However, more studies need to be conducted to confirm the growth promoting effect of anticoccidial using different broiler breeds or broilers under different health statuses.
Our previous study indicated that B. subtilis treatment helped birds reaching a higher carcass weight by compensatory growth when birds were raised under a good hygienic condition (a mixture of strains 2084, LSSAO1, and 15A-P4, Wang et al., 2016) . However, in this study, the overall growth performance from day 0 to 54 and carcass production on day 54 were not altered by any dietary additive. It is similar to the finding in the previous Eimeria-challenge study, in which broiler's performance from day 29 to 56 was not improved by dietary bacitracin (antibiotic) and salinomycin (anticoccidial) treatment or the B. subtilis treatment (a mixture of strains 2084, LSSAO1, and 15A-P4, Wang et al., 2018 ). In the current study, including B. subtilis in the broiler feed alone lowered feed consumption and BW gain of broilers, and increased the mortality from day 15 to 28 as compared with the control treatment. The adverse effects of B. subtilis on growth after coccidial challenge may due to the immunological interaction between B. subtilis and coccidia cells. Another study indicated that dietary B. subtlilis downregulated Eimeria-specific antibodies in broilers and failed to improve growth performance (Lee et al., 2014) . Studies above suggest that using B. subtilis probiotics alone to control coccidiosis of broilers might not be enough; however, including B. subtilis probiotics in the feed does not compromise the overall growth rate or meat production either. 1 Experiment diets included a corn and soybean-meal control diet, a probiotic diet (control diet supplemented with 1.1 × 10 5 CFU of B. subtilis PB6/g of finished feed), a zinc diet (control diet supplemented with 100 ppm extra zinc), a ProZinc combined diet (control diet supplemented with both of the probiotic and zinc products as above), an anticoccidial diet (control diet supplemented with 54 g of narasin/ton of finished feed), and a practical diet (control diet supplemented with 50 g of bacitracin and 54 g narasin/ton of finished feed).
2 Means of non-significant interaction are not listed. a-c Means in a column not sharing a common superscript are different (P ≤ 0.05). 1 Experiment diets included a corn and soybean-meal control diet, a probiotic diet (control diet supplemented with 1.1 × 10 5 CFU of B. subtilis PB6/g of finished feed), a zinc diet (control diet supplemented with 100 ppm extra zinc), a ProZinc combined diet (control diet supplemented with both of the probiotic and zinc products as above), an anticoccidial diet (control diet supplemented with 54 g of narasin/ton of finished feed), and a practical diet (control diet supplemented with 50 g of bacitracin and 54 g narasin/ton of finished feed).
In a previous study, the dietary zinc (80 and 120 ppm) improved the length of villi and growth rate of broilers infected with Salmonella (Zhang et al., 2012) . Dietary zinc can protect intestinal cells from pathogen invasion by decreasing tight junction permeability and inhibiting the adhesion of bacteria (Roselli et al., 2003) . However, the current Eimeria challenge did not cause any gut lesion or impair the morphology, in which case the zinc treatment failed to show the superiority in intestinal integrity. However, the combined use of B.
subtilis and zinc additives affected the intestinal morphology of broilers. The B. subtilis + zinc decreased jejunal villus length but increased ileal villus width of broilers. From anterior to the posterior section of the small intestines, the major function of villi turns from digestion towards absorption. Opposite effects of the combined use of B. subtilis and zinc on jejunal and ileal villi may be associated with the effects on nutrient digestion and absorption. The mechanism needs to be further studied.
In addition to depressing broilers' feed conversion ability, the subclinical coccidiosis has enlarged specific internal organs and increased the mortality. The supplementation of anticoccidial additive (narasin) can benefit the early growth of broilers by reducing the size of the GI tract, which might spare energy and nutrients from intestine maintenance toward the growth of other body parts. Bacillus subtilis-based dietary probiotics did not affect the overall growth rate or carcass yield of broilers under subclinical coccidial challenge.
